Objective-To examine the hypothesis, in a community not studied before, that insulin resistance associated with centralised adiposity is the mechanism underlying the predisposition of Asian immigrant communities to both ischaemic heart disease and diabetes mellitus.
Abstract
Objective-To examine the hypothesis, in a community not studied before, that insulin resistance associated with centralised adiposity is the mechanism underlying the predisposition of Asian immigrant communities to both ischaemic heart disease and diabetes mellitus.
Design-Cross sectional study within one socioeconomic stratum.
Setting-Two factories in the textile sector in Bradford, West Yorkshire.
Subjects-Male manual workers of Asian (110) and non-Asian origin (156) aged 20-65 years.
Results-Diabetes was almost three times more prevalent in the Asian group. Two hours after an oral glucose load Asian men had double the serum insulin concentrations of non-Asian men (p < 0 0001). Asian men also had significantly lower concentrations of plasma total cholesterol (p < 0 03), high density lipoprotein cholesterol (HDL) (HDL2, p < 0-0001; HDL3, p < 0-0001), and apolipoprotein AI (p < 0 0001). Fasting plasma triglyceride concentrations were slightly higher (p = 0 072) in the Asian men; thus the ratio of triglyceride cholesterol was higher (p = 0 006). The interrelation between serum insulin and plasma lipid concentrations indicated metabolic differences between the ethnic groups. Insulin concentrations were associated with cholesterol concentrations in the Asian men only and there was a lack of association between triglyceride, low density lipoprotein cholesterol, and HDL cholesterol in this group. The risk marker profile in the Asian men was therefore quite different to that of their non-Asian counterparts and was associated with a greater tendency to centralised adiposity.
Conclusion-These data support the insulin resistance hypothesis and thus have important implications for strategies for the prevention of heart disease in Asian communities in the United Kingdom.
Asian people living in the United Kingdom have a recognised excess of ischaemic heart disease.' In an extensive review, McKeigue et al concluded that high rates of heart disease are common in other groups of Asians originating from the Indian subcontinent and living overseas.2 They suggested that the excess rates seen in immigrant Asian communities cannot be explained in terms of the established risk factors for heart disease-that is, raised plasma total cholesterol and high rates of hypertension and smoking. However, studies of such Asian communities by McKeigue et al and other groups indicated that probable risk factors in this group are a higher prevalence of noninsulin-dependent diabetes mellitus, lower plasma high density lipoprotein cholesterol concentrations, and higher triglyceride concentrations. 7 McKeigue et al hypothesised that insulin resistance may be common in these people and that this may be the underlying mechanism leading to both the predisposition to diabetes and the atherogenic lipid profile observed.2 A similar combination of risk markers was described by Reaven 
HDL, 95% CI 1-2to 15-2p < 0 02). Onlyone,anonAsian man had a two hour glucose concentration within the range for impaired glucose tolerance. For all the other analyses, we used the data for normoglycaemic men only (that is, 148 non-Asian men and 96 Asian men).
SERUM INSULIN, PLASMA GLUCOSE, LIPIDS AND LIPOPROTEINS
Mean glucose concentrations two hours after an oral dose were significantly higher in Asian men (p = 0 016) even though at the same time their serum insulin concentrations were over double those of non-Asian men (p < 0 0001) (table 1) . There were significant positive correlations between glucose and insulin concentrations in both Asian (r = 0 514 p < 0 0001) and non-Asian men (r = 0566 p < 0000 1). Asian men had significantly lower mean concentrations of total (p = 0-03) and high density lipoprotein cholesterol (p < 0-0001 for both subfractions) and apolipoprotein Al (p < 0 0001). Mean concentrations of low density lipoprotein cholesterol were similar in both ethnic groups. The higher triglyceride concentration in Asian men was of borderline significance (0-05 < p < 0-1). The ratio of predictors. In Asian men 54 1% of total apolipoprotein AI variance was explained by these predictors only. In non-Asian men the inclusion of frequency of strenuous exercise and usual weekly alcohol consumption also made significant improvements to the model, so that a total of 64-8% of the variance was explained.
Triglyceride, apolipoprotein B, and low density lipoprotein cholesterol concentrations were closely inter-related in both ethnic groups. However, in non-Asian men alcohol consumption and high density lipoprotein cholesterol concentration also contributed to triglyceride variance, whereas in Asian men the waist-to-hip ratio was a significant independent predictor.
Discussion
We found clear differences in the frequency of risk markers between Asian and non-Asian men. Asian men showed a pattern of risk markers similar to that described by McKeigue et al for other immigrant Asian communities in the United Kingdom310 that was consistent with the "syndrome X" described by Reaven, 8 that is: raised concentrations of serum insulin in response to glucose, poorer glucose tolerance, decreased plasma high density lipoprotein cholesterol, raised plasma triglyceride, and an increased risk of noninsulin-dependent diabetes mellitus. "Syndrome X" also includes hypertension. We found limited evidence of an increased tendency to raised blood pressure in our Asian group. Others found higher blood pressure or a higher prevalence of hypertension among Asian groups;" 10 and mortality from strokes was recently reported to be 53% higher in Asian men' than the United Kingdom average.
Reaven postulated that where there is resistance to insulin stimulated glucose uptake, deterioration of glucose tolerance can only be prevented if the ,B cells are able to maintain increased insulin secretion. If this state of hyperinsulinaemia cannot be maintained then loss of glucose tolerance would result, followed by overt diabetes mellitus. Thus a state of hyperinsulinaemia resulting from insulin resistance would be characteristic of individuals or groups at increased risk of diabetes.8 In our study, serum insulin concentrations in Asian men two hours after glucose loading were over double those of the non-Asian men and yet tolerance was poorer (although still normal) in Asian men. The prevalence of diabetes in the total sample was nearly three times higher in Asian men. Thus there were clear signs of insulin resistance in our, as yet, healthy and normoglycaemic Asian men, who were at an increased risk of diabetes. Three other published studies have measured these variables in Asian communities in the United Kingdom. All three reported insulin concentrations after glucose loading to be at least twice as high in Asian men as in non-Asian men and diabetes to be two3 and four710 times more prevalent in the Asian communities.
The association between insulin resistance and an increased risk of atherosclerosis may be mediated through the reduced concentrations of plasma high density lipoprotein cholesterol and raised concentrations of plasma triglyceride associated with increased insulin concentrations. The exact mechanisms at work have not yet been fully elucidated but they may involve both an increase in the synthesis ofvery low density lipoprotein triglyceride (owing to a lack of suppression of adipocyte triglyceride lipase by insulin) and reduced clearance of very low density lipoprotein from the very low density/intermediate density/low density lipoprotein metabolic pathway (caused by lack of stimulation of lipoprotein lipase in adipose tissue by insulin). The result would be a saturation of the pathway and thus an increase in plasma triglyceride concentrations and in the ratio of plasma triglyceride to cholesterol2 22 as seen in the Asian men. The lack of association between triglyceride, low density lipoprotein and high density lipoprotein cholesterol, and apolipoproteins AI and B in the Asian men certainly accords with this suggested disturbance in lipoprotein metabolism. Plasma triglyceride and high density lipoprotein cholesterol concentrations were inversely correlated in both groups as was reported elsewhere.23 Overall the inverse correlation between serum insulin and plasma high density lipoprotein cholesterol concentrations was significant only in Asian men. Likewise, a significant positive association between insulin and both low density lipoprotein cholesterol and apolipoprotein B concentrations was found for Asian men only.
Though inferences made from correlational data such as these are limited, our results seem to support the conclusion that the Asian men were showing signs ofa disturbance oflipid and lipoprotein metabolism consistent with an atherogenic lipid profile and that this was associated with insulin insensitivity.
In addition to the associations found between insulin and lipid concentrations, strong associations were also seen between an increased tendency to centralised adiposity (represented by the waist-to-hip ratio) and increasing insulin, If, as our studies suggest, centralised body fat distribution and insulin resistance do play an important part in the predisposition of immigrant Asian communities to atherosclerosis, then there are important implications for prevention. Although smoking, high plasma total cholesterol, and hypertension when present are still likely to confer an increased risk of heart disease in Asian people, perhaps preventive strategies aimed at Asian communities should also target the reduction of the waist-to-hip ratio. How feasible this would be depends on whether central adiposity is an acquired or genetic trait. As yet this is still a subject of debate.9 A recent study, however, has shown that habitual aerobic exercise reduced the waist-to-hip ratio and also had a beneficial effect in reducingplasmatriglycerides and increasing high density lipoprotein cholesterol (Wood, unpublished). Although we can not be sure that the "strenuous" exercise recorded here was aerobic, the significant and independent association between frequency of strenuous exercise and apolipoprotein AI concentrations (and therefore indirectly with high density lipoprotein cholesterol concentrations) that we found accords with the results above. The fact that this association was not seen in Asians, who showed even less inclinication than the non-Asians, to take such exercise regularly suggests that this is one facet of heart disease prevention that needs considerable emphasis in Asian communities.
In our original sample the prevalence of diabetes was almost three times higher in Asian men than in non-Asian men. Almost one quarter of those men classified as diabetic in this study were undiagnosed at entry. We gained the impression that the level of understanding of diabetes among the Asian men was low and compliance with dietary controls was poor. Thus the early detection and control of diabetes also needs to be given greater emphasis in preventive strategies in Asian communities.
We recognise that selection of subjects from male manual workers employed in 
